The recovery of function after traumatic peripheral nerve injury has been assessed clinically both in civilian practice (Nicholson and Seddon, 1957; Edshage, 1968) and in the war-injured (Seddon, 1954) . Little information is, however, available concerning neurophysiological details of recovery or how these might correlate with the clinical findings. While there is also a considerable literature based on animal experimentation with a variety of peripheral nerve injuries (Berry et al., 1944; Guth, 1956; Cragg and Thomas, 1964; Jacobson and Guth, 1965; Grabb, 1968) , there remains a relative lack of information on the electrophysiological maturation of sectioned and resutured regenerating nerve fibres in humans.
The recovery of function after traumatic peripheral nerve injury has been assessed clinically both in civilian practice (Nicholson and Seddon, 1957; Edshage, 1968) and in the war-injured (Seddon, 1954) . Little information is, however, available concerning neurophysiological details of recovery or how these might correlate with the clinical findings. While there is also a considerable literature based on animal experimentation with a variety of peripheral nerve injuries (Berry et al., 1944; Guth, 1956; Cragg and Thomas, 1964; Jacobson and Guth, 1965; Grabb, 1968) , there remains a relative lack of information on the electrophysiological maturation of sectioned and resutured regenerating nerve fibres in humans.
The present investigation was planned to measure the degree of recovery in regenerated human nerves after traumatic section and surgical repair. Quantitative electrophysiological studies of motor and sensory conduction and of the recovery of nerve action potentials have been performed on the median and ulnar nerves in twenty subjects.
METHODS
The fastest motor conduction velocity in the median and ulnar nerves was measured using standard techniques with recording of the evoked motor response in the abductor pollicis brevis or hypothenar muscles respectively . For the determination of terminal motor latency, the stimulating electrodes were placed distal to the site of the nerve lesions.
Sensory nerves were studied both orthodromically and antidromically. Orthodromic studies were made by surface stimulation of the digital nerves using silver strip ring electrodes (Dawson, 1956) . The thumb, index, and middle fingers were studied in the case of the median nerve, and the little finger for the ulnar nerve. The sensory nerve action potentials (SNAP) were recorded from 0 5 cm diameter salinepadded silver electrodes situated 3 cm apart over the nerve at the wrist with the stigmatic electrode below the site of the lesion. A rectangular electrical stimulus 0-1 msec in duration and two to three times the threshold voltage was used. Antidromic studies were made simply by reversing the sites of stimulation and recording using the same electrodes. In these studies, stimuli were supramaximal for the motor response. The mixed nerve action potential (MNAP) evoked by stimulation of the nerve trunk at the wrist was recorded above the elbow using salinepadded silver surface electrodes as above. A 2) All patients complained of a sensory deficit to pinprick and cotton wool which varied from mild to severe, but no further attempt was made to quantitate this aspect of sensory loss more accurately. However, since two-point discrimination (TPD) is a more accurate method of quantitating sensory loss in peripheral nerve lesions (Seddon, 1954) Seddon (1957) . Terminal motor conduction, as measured by distal motor latency to nerve stimulation, is determined by the conduction in the largest motor fibres and the delay at the neuromuscular junction. Impairment in either or both of these parameters may be responsible for the distal delay in conduction in regenerated nerves. Berry et al. (1944) , in studies on cats after nerve section and suture, found progressive recovery of conduction velocity with time, corresponding to progressive increase in fibre diameters, but at 466 days the fastest conduction velocity remained at only 80% of normal. Hodes and others (1948) similarly found reduced conduction velocity at 60% of normal after regeneration in humans.
Cragg and Thomas (1964) , in studies of regeneration after crush injury to the peroneal nerve of the rabbit, found that the conduction velocity distal to the site of injury was only 75%0 of that in the contralateral control nerve at 12 months, and showed no further improvement in animals at 16 months after injury. The largest fibre diameters of the regenerated nerves were similar at both 12 and 16 months, at nearly 90%0 normal, but the internodal length of the regenerated nerves was less than 50%0 of control values for the corresponding fibre diameters. They estimated that the myelin thickness in relation to axon diameter was very nearly normal by 16 months. However, Schroder (1972) (Hodes, 1948) and intermittent failure of transmission in experimental regeneration was found by Dennis and Miledi (1971) . It In a normal nerve, the amplitude of the evoked action potential is an indication of the number and size of the nerve fibres (Jacobson and Guth, 1965) . In a regenerated nerve, the full normal fibre diameters are not attained, and the distribution of fibre size after experimental nerve section and suture remains defective (Gutmann and Sanders, 1943; Cragg and Thomas, 1964) . However, in the absence of marked slowing of conduction and temporal dispersion of the NAP, the amplitude of the response evoked by stimulation of the regenerated nerve segment is an index of the number of functional regenerated fibres. The sensory nerve action potentials were all significantly reduced in amplitude and were mainly below 400o of the contralateral control values, with an overall mean of 15Y4 after 15 months.
These results compare with the 20%4 of normal values found by Jacobson and Guth (1965) in the sciatic nerves of the rat. The mixed nerve action potentials, although less reliable because of possible stimulation of proximal nerve fibre stumps at the wrist, similarly showed a reduced amplitude response at a mean of 42+8% of normal after 12 months. In contrast with the SNAP studies, however, there was evidence of a progressive increase in the MNAP amplitude with time. We are uncertain of the explanation for this finding in view of the absence of such a change in the sensory nerves alone. The terminal motor fibres did, however, show a progressive maturation with a progressive decrease in the distal motor latency, and we assume that the sequential improvement in the amplitude of the MNAP must be related to this. Also, narrowing of nerve fibres for a distance proximal to a chronic constrictive lesion has been reported in animals (Anderson et al., 1970) . The slow recovery of the mixed NAP may be related to recovery in these fibres and subsequent synchronization of the evoked responses. However, it would appear that with sensory reinnervation after nerve section and regeneration there is a permanent reduction both in the number of functional large diameter fibres and in the fibre diameter. The maximum recovery in nerve lesions at the wrist occurred by 15 months, and we were unable to detect electrophysiological evidence of sensory recovery in the digits before 10 months after injury. This interval is comparable with findings in the radial nerve in which Downie and Scott (1964) were unable to detect a sensory response 6 to 11 months after a traumatic lesion in continuity. A corollary of these findings is that where there is total absence of electrophysiological evidence of nerve regeneration with traumatic lesions of nerves at the wrist by 12 to 15 months, the site of the lesion should be explored and nerve grafting considered.
